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Introduction 

Direct-sequence spread-spectrum sys- 
tems may be classified into two broad 
categories: stored-reference and trans- 
mitted-reference systems. The circuits I 
have described so far in these col- 
umns 1 ' 2 ' 3,4 have all been of the stored- 
reference kind, in that a replica of the 
pseudonoise sequence used at the 
transmitter site was also stored at the 
receiver. The main problem then facing 
the designer was to build into the receiver 
a circuit which would (a) extract the clock 
from the transmitted signal, and (b) 
synchronize the two identical, but out of 
phase, sequences. 

A radically different approach consists 
in transmitting simultaneously on a fre- 
quency F1 the PN sequence XORed with 
the data, and on a frequency F2 the PN 
sequence alone. If the receiver uses a 
second intermediate frequency (2nd IF) 
equal to (F1-F2), it is possible to modulo-2 
add the two signals and recover the 
original data 5 . This approach has a 
major advantage: its simplicity. It also has 
two main drawbacks for military applica- 
tions: It is easy to either jam the receiver 
by transmitting a carrier equal to the IF, 
or for unauthorized listeners to decode 
the signal with a very simple receiver. 
Neither of these problems is of concern 
to the radio amateur, and it was therefore 
decided to design a simple data link using 
the transmitted reference approach. The 
description of the circuitry used will be 
brief, as most of its elements have already 
been described in some of my previous 
articles. (This paper does not aim to be 
a "construction article," but to give 
enough pointers to the interested that 
they may decide to use this information 
as a starting point, and try their hands at 
experimenting with spread spectrum.) 

Specifications 

The equipment described, an experi- 
mental modem operating around 70 MHz, 
can transmit and receive ASCII data at 
rates higher than 38 kilobauds. The 
70-MHz output, about 7 MHz wide, can 
be up-converted to 440 MHz or any other 



1 Notes appear on page 11. 



amateur band of interest. 

General Description 

Referring to Fig 1 , the transmitter con- 
sists of two oscillators, one on 69.8 MHz, 
the other on 73 MHz. The 73-MHz carrier 
is also divided and used as a clock for the 
pseudonoise (PN) generator. The output 
of this PN generator is mixed in a doubly 
balanced mixer with the 69.8-MHz carrier 
to create a BPSK signal, while the same 
PN sequence is XORed with the data and 
then applied in a similar manner to the 
73-MHz carrier. The resultant BPSK 
signals, one centered on 69.8 MHz, the 
other around 73 MHz, are then summed 
(not mixed) in a hybrid combiner, the 
output of which, in the time domain, 
looks like a "double hump" centered on 
71 .4 MHz as shown in Fig 2. This output, 
6.85 MHz wide between the two first nulls, 
is then up-converted to the 440-450 MHz 
band. At the receiver, a similar 374-MHz 
local oscillator creates an IF centered on 
71 .4 MHz. This signal is split through a 
hybrid and applied to two identical band- 
pass amplifiers, one broadly tuned to 
69.8 MHz, the other to 73 MHz. The out- 
puts of these two bandpass amplifiers are 
then fed to the two input ports of an active 
doubly balanced mixer, the output of 
which is our baseband data. It is then 
filtered, amplified and regenerated 
through a Schmitt-trigger stage. 

Transmitter Circuit 

As shown in Fig 3, the transmitter con- 
sists of two identical frequency syn- 
thesizers, one functioning on 73 MHz, 
the other on 69.8 MHz. (Only one, the 
73 MHz, is shown for simplicity.) The cir- 
cuit is comprised of an MC1648 voltage- 
controlled oscillator tuned to the frequen- 
cy of interest, an MC3396 divide-by-20 
stage, and a MC145151 synthesizer chip. 
(The operation of this synthesizer was 
described in more detail in the November 
1988 AMRAD Newsletter, Vol XV, No. 5.) 
The output of the MC3396 divider-by-20 
stage is a clock at 3.65 MHz. This clock 
is buffered by four sections of U4, a 4049 
hex-inverter, and used for three separate 
functions. After another division by two 
in U9B, a 7474 flip-flop, the resulting 



1 .825-MHz square wave clocks a 7-stage 
PN generator comprised of U5, a 74164 
shift register, and U6, a 7486 XOR chip. 
This PN generator arrangement has 
already been described previously. 6 The 
PN sequence is used directly to drive the 
IF port of an SBL-1 passive doubly 
balanced mixer (only one of two shown 
on this diagram). 

The PN sequence is also XORed with 
data. This data can be either an internal- 
ly generated test square wave, or some 
external signal. The square wave is the 
clock divided by 100 (in U7 and U8), while 
the external signal is whatever is fed to 
the RS-232 port. Either signal, selected 
by S1, is then resynchronized via U9A, 
a 7474 flip-flop. The output of the flip-flop 
is then XORed with the PN sequence in 
U6D, which then drives the IF port of 
a second doubly balanced mixer (see 
Fig 1). This output is shown as point "A" 
on Fig 1. 

Two separate frequency synthesizers 
were used so that I could easily adjust, 
for experimental purposes, the frequen- 
cies of the two carriers, and hence, the 
IF. Should the reader wish to duplicate 
this setup, it would be much simpler to 
use two straightforward crystal oscillators. 

The outputs of the two doubly balanced 
mixers are then added in a summing net- 
work, here a TV antenna coupler/hybrid 
combiner (Radio Shack® part #1 5-1 141). 
One could also manufacture one's own 
by winding a few turns of trifilar wire on 
a ferrite core, but the Radio Shack part 
is perfectly satisfactory, and comes 
already shielded and fitted with F 
connectors. 

The output of the summing hybrid is 
centered on 71 .4 MHz, and occupies a 
minimum bandwidth of about 6.9 MHz. As 
shown in Fig 1 , the output of the summing 
hybrid feeds yet another doubly balanced 
mixer, wherein is mixed the 374-MHz 
local oscillator signal, thus hetero- 
dyning the whole band, from 67.975 to 
74.825 MHz to the 440-MHz band. 

Although the heterodyning and 
amplification process are by no means 
trivial, they are not novel and have 
already been covered in the literature. 
This article concentrates on the spread- 
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Fig 1— General arrangement of the transmitted 
reference spread-spectrum data link. 
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spectrum aspect of the project. 

The Receiver 

Fig 1 shows the general arrangement, 
while Fig 4 shows the details. After mixing 
with a local 374-MHz oscillator, the 
incoming signal is once again centered 
on a 71 .4-MHz intermediate frequency. 
This signal is then split into two paths, 
each fed to a band pass amplifier, one 
centered on 69.8 MHz, the other around 
73 MHz. The outputs of those two 
amplifiers are shown as A and B in 
Figs 1 and 4. These outputs are now fed 
to the two input ports of U101, an 
MC1496P active doubly balanced mixer. 
In the absence of an input signal at the 
transmitter, the two PN streams are in 
phase, but if data is applied, that portion 



of the PN sequence which corresponds 
to a "data high" will be inverted. (See 
reference 1 for additional details of a 
similar data recovery scheme.) 

A replica of the data is thus available 
at the output of the MC1496P DBM. After 
passing through a lowpass filter, the data 
is amplified through U102 a CMOS op- 
amp, and finally regenerated through 
U103, a 4093 Schmitt trigger. RS-232 
level conversion and buffering is then 
accomplished with U104, an MC1488 IC. 

Operation 

Testing was conducted as shown in 
Fig 5, with the data used being ASCII 
characters generated by the computer. A 
test program was written by Lawrence 
Kesteloot, N4NTL, and is available on the 




Fig 2— Output of transmitter summing 
hybrid. 
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Fig 3— Transmitter circuit. 



AMRAD BBS in the spread-spectrum 
area 7 . The program continuously sends, 
in ASCII format, all the letters of the 
alphabet, and after each letter, checks 
whether the letter coming back from the 
receiver is the same as the one just sent. 
The highest speed (easily) available at 
the RS-232 port of my IBM® clone is 
38 kilobauds, and Fig 6 shows on the 
upper trace, the signal at the input of the 
transmitter, while the lower trace shows 
the receiver output. The two signals are 
essentially indistinguishable from each 
other, and we may infer from these 
preliminary results that much higher 
speeds are attainable. (The final version 
of the hardware will probably include a 
more sophisticated data interface, such 
as NRZ, etc.) At 38 kilobauds, during 
tests repeated over several days, the 
error rate was always (zero) error for 
over 2,000,000 (two million) letters of 
transmitted data. This kind of error rate 
is due, at least in part, to the fact that this 
was an ideal bench setup without any 
interference at the IF. In a practical 
realization, one would obviously benefit 
from the addition of an LC circuit tuned 
to the IF of interest, at the output of U101 
(between pin 12 and ground). Another cir- 
cuit which would need to be added is an 
automatic gain control (AGC) for the IF 
strip, something not exactly trivial for 
direct sequence. 
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Figures 4-6 appear on the next page. 
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Fig 4— Demodulator circuit. 
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Fig 5— Test set-up transmitted reference spread-spectrum data link. 
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Fig 6— The letter "A" at 38 kilobauds. 
Upper trace is the transmitter input, 
lower trace is the receiver output. 
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AVAILABLE FROM PROJECT OSCAR 

The following items are available from 
Project OSCAR. All are available for a 
donation to Project OSCAR. Donation is 
listed. Mailing address is: Project 
OSCAR, Inc, PO Box 1 136, Los Altos, CA 
94023-1136. 

OSCAR-13 Handbook 
AMSAT-UK, in association with AMSAT- 
DL, announces the arrival of the 
OSCAR-13 Handbook. The book is almost 
60 pages and includes the following 
topics: history of OSCAR-13, the Ariane 
rocket; launch and positioning; opera- 
tions; scheduling, communication, 
Doppler shift, time delay, typical session, 
band plan, operating events, user-station 
requirements, transmitting system, 
modulation modes, receiving system, 
antennas and polarization, typical sta- 
tions; orbital predications and tracking; 
home computers and demodulators; 
satellite hardware; transponders, attitude 
control, beacons, Mode B, Modes L and 
JL, Mode S, RUDAK, frequencies, com- 
mand stations; telemetry and data for- 
mats; RTTY telemetry, BPSK telemetry, 
telemetry decoding; information sources; 
reference books; the future; AMSAT 
organizations. 

For your copy of the OSCAR-13 Hand- 
book send $12 donation to OSCAR-13 
Handbook, Project OSCAR, Inc. 

SQUINT PLAN PROGRAM FOR PC 
COMPATIBLES 

AMSAT-Australia announces the availa- 
bility of Squint Plan. The program is 
derived from Plan-10/13 and was deve- 
loped by Geoff Chapman, VK2AIT. Squint 
Plan is primarily a program for predicting 
the actual comparative azimuth, elevation 
and squint angles at two different loca- 
tions during a particular QSO. Squint 
Plan has built-in utilities for updating the 
Keplarian elements for OSCAR-10 and 
13, QTH Information, Transponder Oper- 
ating Schedule and Satellite Attitude. 
Data can be directed to the screen or 
printer. Each diskette includes both the 
compiled program and the readable pro- 
gram written in Microsoft® QuickBASIC 
4.0. For your copy, send a $35 donation 
to Squint Plan, Project OSCAR, Inc. 

PLAN-13 TRACKING PROGRAM 

PLAN-13 gives the user accurate azimuth 
and elevation information, indicates when 
satellite operating conditions are the best 
during each orbit, calculates where 
OSCAR is pointed during each orbit 
(squint angle), and gives details on when 



the satellite is in sunlight, twilight, or total 
eclipse. 

Some versions of PLAN-13 include a 
compiled form. Each diskette includes a 
copy of PLAN-1 3 in BASIC so you can list 
the program and learn how it functions. 
Some knowledge of editing a BASIC pro- 
gram is required. PLAN-13 is not recom- 
mended for the first-time OSCAR users; 
it is aimed at the individual who has some 
satellite operating experience. 

PLAN-13 is available on disk for the 
C-64®, C-128® (in the C-64 mode), 
TRS-80® (l/lll), IBM-PC®, Apple® Me and 
lie, and for PC compatibles. All disks are 
5 1 /4 inch. C/PM or 3 1 /2-inch disks are 
available on special order (and additional 
donation). To order PLAN-13, send a 
minimum donation of $25 to PLAN-13, 
Project OSCAR, Inc. (All donations for 
PLAN-13 will be put back into the 
Amateur Satellite Program.) 

AO-13 SATELLITE MUTUAL 
WINDOWS PROGRAM FOR C-64 AND 
IBM COMPATIBLES 

This program provides the user with a 
choice of 20 different locations around the 
world. Then by answering the questions 
that appear on the screen, you can 
determine the length of a mutual window, 
along with the squint angle each station 
will experience. 

Commodore C-64 Version: Provided on 
a 5 1 /4-inch diskette in compiled form. The 
user will find their own QTH data in addi- 
tion to Keplarian data stored on the disk. 
Information can be updated using utility 
programs provided. Output may be sent 
to the screen or printer. 

PC Compatible Version: Provided on a 
5 1 A inch diskette in both compiled form 
and BASIC. All data used by the PC 
version is stored within the program and 
can be updated by modifying the proper 
lines of the program. Output can be sent 
to the screen or printer. 

To order your copy, send a donation of 
$25 to Mutual Windows Program, Project 
OSCAR, Inc. 

AMSAT-NA OFFERS TAPR PSK 
DEMODULATOR BOARDS 

Thanks to a recent agreement with TAPR, 
OSCAR satellite enthusiasts will now be 
able to obtain TAPR PSK demodulator kits 
from AMSAT-NA Headquarters. To learn 
more about this kit, see Amateur Satellite 
Report Number 135 or September 1987 
QEX. To order from AMSAT, call 
301-589-6062. With many PACSATs being 
launched later this year, order now to 
avoid the last-minute rush to become 
operational. 
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